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ABSTRACT

In recent years, interest in finding new sources of natural antioxidants has
increased, especially that of medicinal plants which are mainly required in
the pharmaceutical field. The study of antioxidant activity has become an
inescapable in the search for new bioactive substances. Phenolic com-
pounds appear to be targeted by researchers. Our work aim isto evaluate
the antioxidant capacity of phenolic compounds extracted from two Alge-
rian medicinal plants: Capparis spinosa and Limoniastrum feei. The two
plants of this study presented average content of phenolics and flavonoids
compounds. The antioxidant activity of the various organic fractions was
evaluated using different antioxidant assays, including: reducing power
and DPPH free radical scavenging activity. The results showed that the
ethyl acetate fraction (fraction rich in mono and di-glycosids) had a high
antioxidant activity than the butanolic fraction (fraction rich in
polyglycosids). In addition, the organic fractions of different parts of
Limoniastrum feei presented an high potent to scavenging DPPH radical
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and reducing power.

INTRODUCTION

Thelast decadeswere marked by the specid inter-
est inthedevel opment of medicinal plantsasasource
of natural bioactive substances. Asaresult, many stud-
iesare, increas ngly, the therapeutic effects of antioxi-
dantsof natura origin. Because of their abundancein
nature and their uses by indigenouspeoplefor heding,
some plantswere placed inthemedical world.

However, thisseemsinexhaudtiblesource, snceonly
asmal portion of the400,000 known plant specieshas
been investigated both phytochemica and pharmaco-
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logica, and each speciesmay contain upto severd thou-
sandsof different constituents?.

Natura substancesfrom plantshave multipleinter-
ests used in industry (food, cosmetics and
dermopharmacy industries). Among these compounds
secondary metaboliteswhicharemainly reflectedinthe
therapeutic area. Recent worksaimed at i sol ating new
substancesfrom plantsand find other applicationsin
variousfields. However, modern medicinestill usesa
large proportion of drugsof plant origin and research
foundin plantsof new activedrugsor raw materia sfor
chemical synthesis. Natural and synthetic antioxidants
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have been shown to enhance product stability, quality
and shelf. Many research works have mentioned the
disadvantage of synthetic antioxidants;2+27, Indeed,
the use of synthetic antioxidant infood products has
decreased dueto their instability, aswell astheir pos-
sibletoxic and carcinogenic effectson hedth™. There-
fore, researchinto thedetermination of natura antioxi-
dant sourcesisimportant. In the search for sources of
natura antioxidants, somemedicinad plantshavebeen
extensvely sudied for their antioxidant activity and radi-
ca scavenging activity inthelast yeard”. Nowadays,
research hasfocused on medicind plantsto extract new
natural antioxidantsthat can replace synthetic addi-
tives?. Phenolicsare animportant classof secondary
plant metabolites possessing an umpressive array of
pharmacol ogical activity. Oneof the more prominent
propertiesof thephenalicsisther excdlent radica scav-
enging ability’?, Thisoneismainly dueto their redox
properties, which allow them to act asreducing agents,
hydrogen donators, singlet oxygen quenchers agents,

e, ReViaN

andthey havea so metd chd ating potentia®l. Capparis
spinosa L. (Capparidacese) isaplant fromthedry re-
gionsinwest or centrd Asaand widely grown particu-
larly inthe M editerranean basin. From ancient times,
theflora buttonsof C.gpinosa (capers) wereemployed
asflavouringin cooking and aredso used intraditiond
medicinefor their many thergpeutic effects(TABLE 1).
Previous chemical studieson C. spinosa have shown
the presence of alkaoids, lipids, polyphenals, fla-
vonoids, indole and aliphatic glucosinolates?y.
Limoniastrum feel (Plumbaginaceag), is one of the
medicina plantsused for variousmedicind usesinAl-
gerianfolk medicine(TABLE 1). Theplant isnativeto
southeast of Algeria, northernAfricd?.

Theam of present worksisto study invitro anti-
oxidant activities of theorganicfrationsof L. feei and
C.spinosa using ferric reducing antioxidant power
(FRAP) and DPPH radical scavenging assays. In ad-
dition, thetota content of phenolicsand flavonoidsfrom
plant extractswere a so measured.

TABLE 1: Popular useof thesglected plantsin folk medicine.

Plant name

Popular usein folk medicine

Analgesic, laxative, astringent, diuretic, emmenagogue and vermifuge (Shahina, 1994).
Also used in the treatment of rheumatism, scurvy, splenomegaly and toothache. The stems are

Capparis spinosa
(Capparidaceae)

(Batanouny et al., 1999).

used for dysentery (Duke et al., 2003).
Capers have been suggested for atherosclerosis and sciatica, especially in North Africa. The buds
and roots are used as disinfectants kidney, tonic for arteriosclerosis and as compresses for the eyes

Used also for traitemetent of viral hepatitis

Limoniastrum feei
(Plumbaginaceae)

Used to treat gagtric infections, bronchitis and stomach infection.
In some regions, this plant isused in the treatment of personswho have been biting of scorpions,
and has severa uses by indigenous people who deserve to be studied and published

MATERIALAND METHODS

Chemicals

1,1-diphenyl-2-picryl-hydrazyl (DPPH), potas-
siumferricyanide [K ,Fe(CN) ], trichloroacetic acid
(TCA), Folin-Ciocalteu’s phenol reagent, Butylated
hydroxyanisol (BHA), Butylated hydroxytoluene
(BHT) and ascorbic acid were purchased from Fluka
(Switzerland). Sodium carbonate and sodium hy-
droxidewerefrom Merk (Germany). FeCl, wasfrom
SigmaChemical Co (Germany). Methanol wasfrom
Biochem (Chemopharma, UK). All other chemicals
and solvents used were of anaytical gradeavailable
commercialy.

Plant materials

Species selected: C.spinosa and L.feei werecol-
lected intheir natural habitat intheregion of Ain Ouarka
((Region of Naama, south-west of Algeria) during the
months of November and December 2007, and dried
away fromdirect sunlight. The plantswereidentified at
thelaboratory of Ecology and Management of Natural
Ecosystems of the University of Tlemcen (Algeria).
Dried plant material swerethen crushed into amortar
and stored at very low temperatureuntil further use.

Samplepreparation

A powder (29g) of each part of the plants (leaves
and stems) wasextracted by themixture methanol -water
(70:30, v/v). Thepreparationiscarried under reflux for
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3h (Bekkaraet d., 1998). After cooling to room tem-
perature, the methanolic extract isfiltered and evapo-
rated under reduced pressure at 60°C using a rotary
evaporator (Biichi Rotavapor R-200). The dry residue
obtai ned after evaporation of themethanolicfiltrate of
each of thetwo plants studied, were divided between
20 ml of ethyl acetate and the samevolumeof ditilled
water in aseparating funnel. After decantation of the
two phases, the ethyl acetate phaseisrecovered and
the agueous phaseis again divided with 20 ml of n-
butanol. Theoperation isrepeated twicefor each step.
The phasesobtained aredried using arotary evapora-
tor. Thedry residuesweretaken up by afew milliliters
of methanol andkept at +4°C. Finally two fractions are
obtained: fractionwith ethyl acetate (EtOAC) and frac-
tion with n-butanol (BuOH) (Figurel).

Plant powder

Extraction by methanol-water mixture (70:30, w50 7
under reflux for Sh.

Filtration

r

Methanolic filirate

Ewaporation:
* Reprinted with methanol (methanolic crude extract)

* Extraction with EtOA e (2:0*

r

Agueos phase
Extraction with n-BuOH (2%
r
Fraction of BuOH ‘ Aqueous phase

(*) Extraction petformed twice by the organic solvent
Figurel: Monitoring protocol for theextraction of polyphe-
nolsand obtaining fractionsof ethyl acetateand n-butanol

Fraction of Et0 Ac

Mono and Di-gl

Poly-gl

Total phenolicscontent

Totd phenolicscontent wereestimated by theFolin-
Ciocateu method (Vermerris& Nicholson, 2006). 0.1
ml of themethanolic crudeextract wasmixed with2ml
of sodium carbonate (2 %) freshly prepared, thewhole
wasvigoroudy mixed on avortex. After 5min, 100 ul
of Folin-Ciocateu reagent (1N) were added to the mix-
ture, al wasleft for 30 min at room temperature and
thereadingisperformed against ablank at 750 nm. A
calibration curvewas performed in parallel under the
sameoperating conditionsusinggalicacid asapostive
control. Theresults are expressed as mg gallic acid
equivalent per grammeof dry extract (mg GAE/g).

Natural Products

Total flavonoidscontent

Thetotal flavonoid content was determined by a
colorimetric method as described intheliterature!™.
Each sample (0.5 ml) wasmixed with 2ml of distilled
water and subsequently with 0.15ml of aNaNO, so-
lution (15 %). After 6 min, 0.15 ml of auminum chlo-
ride (AICI,) solution (10 %) was added and allowed to
stand for 6 min, then 2ml of NaOH solution (4 %) was
added to the mixture. Immediately, water was added
to bringthefina volumeto 5 ml and the mixturewas
thoroughly mixed and alowed to stand for another 15
min. Absorbanceof themixturewasthen determined at
510 nmversusprepared water blank. A calibration curve
waspeformedin parale under thesame operating con-
ditionsusing catechin asapostivecontrol. Resultswere
expressed asmg catechin equivalent per gramme of
dry extract (mg CEQ/q).

Antioxidant activity
Ferricreducing antioxidant power assay

Thereducing power of thedifferent part of L.feei
and C.spinosawas determined according to themethod
of Yang et a1, The EtOAc and BUOH fraction and
ascorbic acid wereused a differing concentrations (0.1,
0.25 and 0.75mg/ml). One milliliter of each sample was
mixed with phosphate buffer (2.5 ml, 0.2moal/l, pH 6.6)
and potassium ferricyanide [K Fe(CN) ] (2.5ml, 30
mmol/l). The mixturewasincubated at 50 °C for 20
min.A 2.5ml TCA (0.6 mol/l) was added to the mix-
ture, whichwasthen centrifuged for 10 minat 3000 g.
The supernatant (2.5 ml) wasmixed with distilled wa-
ter (2.5ml) and FeCl,, (0.5ml, 6 mmol/l), and the ab-
sorbance was measured at 700 nm in a spectropho-
tometer (Jenway 6400).

Deter mination of the scavenging effect on DPPH
radicals

A methanolic solution (50 pul) of each fraction at
different concentrationswasadded to 1.95 ml of DPPH
solution (6 x 10° M in methanol) (Atoui et a., 2005).
The studied compounds weretested with methanol as
control and ascorbic acid asantioxidant referencesand
absorbance at 515 nm was determined after 30 min.
The absorbance (A) of the control and sampleswas
measured, and the DPPH scavenging activity (SA) in
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percentage was determined asfollow:

SA % = [A 0 = Acnpe) | Anirl X 100

|C,, was obtained graphically from linear regression
andyss.

RESULTSAND DISCUSSION

Total penalicsand flavonoid content

Determination of tota phenolic andflavonoid con-
tentsof themethanolic crude extracts of thetwo plants
of thisstudy were done by using Folin-Ciocalteu colo-
rimetricand AlCl, methods, separately. Total polyphe-
nol contentswereestimated with Folin-Ciocalteu colo-
rimetric method. Thisreagent isreduced during the
oxidation of phenolsinamixtureof blueoxidesof tung-
sten and molybdenum, the col or produced, whose ab-
sorption maximum isbetween 700 and 750 nm, ispro-
portiond totheamount of polyphenolspresent in plant
extracts. Theresults are reported in TABLE 2. The
methanolic crudeextract of L.feei shown ahigh phe-
nolic content in the two extracts of plant (leave and
stem) compared to methanolic extracts of C.spinosa,
and we can observethat the methanolic crude extract
of leaves contained a high phenolic compoundsthan
the crude extract of the stems. InAICI,, colorimetric
method, aluminum chlorideformsacid stable complex
with the keto and/or the hydroxyl groupsintheAor C
ring of flavonoidg. Theresults, aspresentedin TABLE
2, show that the methanolic crude extract of leaves of
L.feal contained high flavonoids compounds compared
to the crudeextract of the temsand methanolic extract
of C.spinosafor thetwo parts. Thelowest content was
that of the methanolic extract of stemsof C.spinosa
(Figure2). Concerning L.feal, therearevery few pub-
licationsthat are made regarding thelevel sof polyphe-
nolsand flavonoids. Indeed, recently, the publication
by Chaabi et al.® reportsthat L.feei contains seven
polyphenoalic congtituents: gallic acid, myrciaphenone
A, myricetin-3-O-f-gal actopyranoside, epigallocate-
chingdlate, myricetin 3-O-a-rhamnopyranosi de, quer-
cetin and myricetin. The phytochemistry investigation
of thewater-acetone extract of twig part of L.feel led
toisolation of four flavonoids. Thestructuresof these
compounds were identified as. 6,3’,4’-tri-methoxy
3,5,5’-trihydroxy flavonol, 3-(6”’-malonyl 2”’-ramnosyl

glucosil) 6,3’,4’-trimethoxy 5,5’-dihydroxy flavonol,
tetraacetate 7-dihydroxy-4’-methoxy 8-O-f-
glucopyranoside isoflavone and tetraacetate
7,4 dimethoxy 8-O-B-glucopyranoside isoflavone®.
Thisplant containslarge amounts of phenolics (phe-
nolic acids, tannins, flavonoids, flavonols, isoflavone)
reflected by the high levelsof thischemicalsfoundin
thisstudy concerning phenolicsand flavonoids.

A study by Proestos et al.2 on C.spinosa from
Greece, reportsthat this species containsphenolic ac-
ids(caffeic, vanillic, ferulicand p-Coumaric acids) and
flavonoids (quercetin and rutin), but at low concentra-
tions. Another study showsthat the genus Capparisis
animportant sourceinflavonolsand flavonoidsin par-
ticular, with level sof about 5.18 mg per gram of fresh
plant material®®. Giuffridaet a.[* contradictsthere-
sults published by the study of Inocencio et a.1*! and
revealed low levelsof flavonoidsinthe plant studied.
C.spinosa presented average contents concerning phe-
nolic compoundsand flavonoids, thisisconsistent with
work published on thisplant!41622),

TABLE 2: Total phenalic? and total flavonoid® of methanolic
crudeextractsof L.feel and C.spinosa

Total phenolics Total flavonoids

(mg GAE/Q) (mg CEQ/Q)

. . . Leaves 98.24 +4.56 60.35+5.56
Limoniastrum feei

Stems 83.97+3.25 36.35+4.92

L Leaves 51.04+2.22 4322 +2.42
Capparis spinosa

Stems 12.01+£1.06 07.06 + 0.09

Each value represents the mean + SD (n = 2).

aTotal phenalic content was expressed as mg gallic acid equiva-
lents/g dried extract.

b Total flavonoid content was expressed as mg catechin equiva-
lents/g dried extract.
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Figure2: Total phenolicsand flavonoidscontent of methanolic
extractsof L.feei and C.spinosa
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Antioxidant activity
Ferricreducing antioxidant power assay

Reducing power is one mechanism for action of
antioxidants'”. The presence of reductioninagiven
environment causesthereduction of Fe* ferricyanide
complex to form Fe**. Indeed, the formation of Fe**
can befollowed spectrophotometrically by measuring
thedengity of theblue complex of ferrousreaction mix-
tureat 700 nm. An increase in absorbance indicates
increased reducing power of extractstested®. Figure
3 showsthereductive capability of EtOAcand BUuOH
fractions of L.feei and C.spinosa comparedto there-
ducing power of ascorbic acid as standard.

We note that the EtOAc fraction of leaves of
C.spinosaintroduced morereducing power relativeto
other fractions, and both fractions; EtOA c fraction of
stemsand BUOH fraction of theleaves, had the same
effect against thereduction of iron and that the BUuOH
fraction of the stemspresented avery low activity ob-
served values of optical densitiesnot exceeding 0.3.

Concerning L.feel, wenotethat at dl fractionsfor
both 5 desstudied presented Sgnificant activitiestowards
thereduction power. Indeed, theleavespart presented
apower amost comparable to that of ascorbic acid
with high optica denstiessignificantly, whiletheBuOH
fraction of the stems was the exception of very low
optical densities. We can see clearly that the ascorbic
acid hasaremarkable activity to reduceiron, reflected
by the high absorbance (A) obtained at different con-
centrationsof it.

We notethat at concentration of 0.75 mg/ml, the
fraction BUOH and EtOAcfraction of theleavesL .feel
havethe highest activity to reduceiron, moreor less
similar to that of ascorbic acid at the same concentra-
tion (A =2.07for EtOAcfraction, A = 2.11 for BUOH
fraction, and A = 2.58 for ascorbic acid). The EtOAc
fraction of the stems of the plant hasareducing power
activity smilar tothat of ascorbic acid a the concentra-
tionof 0.25mg/ml.

We can classify the power reduction of thediffer-
ent fractionsof thetwo plantsstudied asfoll ows: Ascor-
bic acid>BuOH fraction of leavesL .fee > EtOAc frac-
tion of leavesL .feei> EtOAcfraction of stemsL.feei>
EtOAc fraction of leaves C.spinosa> BuOH fraction
of stemsL.feei> EtOAcfraction of stems C.spinosa>

Natural Products

BUuOH fraction of leaves C.spinosa> BUOH fraction
of the stems C.spinosa.

Reducing power ability of acompound may serve
asasgnificant indicator of itspotential antioxidant ac-
tivity!?l, Many publicationshave reported thet thereis
adirect correl ation between antioxidant activitiesand
the power reduction components of several plants?.
Theresultsobtained for aplant extract which hasahigh
activity, suggesting that thisonehasaremarkable power
to giveelectronsto reactivefreeradicals (or reactive
Species), converting theminto non-reactiveand more-
stable, ending thechainreaction of freeradicals. Brows-
ing results, the two studied fractions of EtOAc and
BuOH are amost the same activitiesto reduceiron.
We noticed that C.spinosa presented moderate anti-
oxidant activity compared to ascorbic acid. However,
L.feal presented an activity comparableto that of ascor-
bic acid, this can probably be explained by the pres-
ence of compounds capableto reduceiron.

3,0
B 0.1 mg/ml
251 | gxx 0.25mg/ml
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Samples
AL: EtOAcfraction of L eaves AS: EtOAc fraction of stems
BL: BUOH fraction of L eaves BS: BUOH fraction of stems

Figure3: Reducing power activity of theEtOAcand BuOH
fractionsof L.feel and C.spinosa

DPPH radical scavenging

Theradical DPPH" isone of the substrates most
commonly used for rapid assessment and direct anti-
oxidant activity because of itsstability in radical form
and smplicity of theanadysis¥. Themodd for scaveng-
ing stable DPPH freeradicals can beused to evaluate
theantioxidativeactivitiesinardatively short time. The
absorbance decreases as aresult of a colour change
from purpleto yellow astheradical is scavenged by
antioxidantsthrough donation of hydrogentoformthe
stable DPPH-H molecul€8. Theeffect of antioxidants
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on DPPH radi cal-scavenging was thought to be dueto
their hydrogen-donating ability. The preparationswere
able to reduce the stable free radical, DPPH, to the
yd low-coloured 1,1-diphenyl-2-picrylhydrazyl.

Thefractionsstudied of L.feel and C.spinosawere
tested for their antioxidant scavenging effectson DPPH
radical andtheir activity wascompared to ascorbicacid
used asantioxidant reference. IC_ or inhibitory con-
centration 50% (also called Efficient EC, ), isthe con-
centration of samplerequired to reduce50% of DPPH"
radical. ThelC_iscalculated graphically by linear re-
gression graph plots. Theresultsobtained aregivenin
TABLE 3. ThelC,, vaueof ascorbic acid found (2.97
ug/ml), is close to the IC_ valuesfound by Conforti et
a.[ (2 ug/ml) and Chew et al.¥ (3.82 ug/ml). By com-
paingthelC, of thedifferent plantsstudiedinrelation
to ascorbic acid, we noticed ahigh antioxidant activity
of the EtOAc fraction of the two parts (leaves and
stems) of L.feal. Thesame goesfor theBuOH fraction
of theleavesof the same plant.

In our study, the EtOA c fraction of the leaves of
L.feel, presented an antioxidant activity comparable
to that of ascorbic acid, this suggeststhat this plant
has severa compounds possess high antioxidant ac-
tivity. For C.spinosa, we recorded an average anti-
oxidant activity against DPPH" scavenging. There-
sultsfound for the plant C.spinosa are consistent with
theresultsfound by Hamed et a.*®!, who worked on
other species of the genus (C.cartilaginea and
C.deserti). By comparing the antioxidant activity of
thetwo fractionsstudied, we observed that the EtOAC
has more activity compared to the BUOH fraction.
Our results confirm those published by Tian et al .1
and Fabri et a.*®. Evenif the comparison between

TABLE 3: ThelC,, value* of EtOAcand BuUOH fractionsof
L.feel, C.spinosa and ascor bic acid

EtOAC BuOH
Plantes et parties étudiées fraction fraction
1 Cy, values

. . Leaves 13.95 34.59
Capparis spinosa

Stems 55.06 498.4

L . Leaves 3.08 525

Limoniastrum feei

Stems 5.20 69.64

Ascorbic Acid 2.97

Each valuer epresentsthemean of duplicate assays.
21 C,, valueswer eexpr essed aspg/ml (final concentrations).

different methodsfor eval uating the antioxidant activ-
ity invitroisdifficult!*¥, we noticed that thereissome
conformity between the results obtained by FRAP
andysisand found by the DPPH" method. Tian et d.[%
havefound acorrel ation between the results obtained
by thesetwo tests.

CONCLUSION

Our work aim wasto study the antioxidant frac-
tions of EtOAc and BUOH from different parts of
two medicinal plants by the capacity to scavenging
theradical DPPH" and their reducing power activity
to find thefraction that representsthe most activity.
This approach has led usto infer from the results
that the fractions EtOA ¢ has the advantage of the
more active compared to BUOH fractions, thesere-
sultsarefully verified by theliterature. Thefraction
of EtOAcfromtheleavesof L.feel presented arela
tively high antioxidant activity, withavalueof IC_, of
about 3.085 pg/ml, comparable to that of ascorbic
acid (IC_, = 2.97 pg/ml), while C.spinosa has pre-
sented amoderate antioxidant activity, in the case of
theradical DPPH" scavenging. For FRAP analysis,
wefound aninteresting activity of the speciesL .feel
comparableto that of ascorbic acid. Therefore, the
phenolic compounds of L.feel presented an interest
antioxidant activity.
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